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AB Human cathepsin K, a cysteine proteinase of the papain family, has been 
recognized as a potential drug target for the treatment of osteoporosis. 
The predominant expression of cathepsin K in osteoclasts has rendered the 
enzyme into a major target for the development of novel antiresorptive 
drugs. Now, we report the Pharmacol . properties of OST-4077 
[furan- 2 -carboxylic acid (l-{l- [4-f luoro-2- (2-oxo-pyrrolidin-l-yl) -phenyl] - 
3 -oxo-piperidin-4 -ylcarbamoyl} -cyclohexyl) -amide] as a novel selective 
cathepsin K inhibitor. Human and rat cathepsin K were inhibited in vitro 
by OST-4077 with the IC50 values of 11 and 427 nM, resp. OST-4077 
suppressed bone resorption induced by rabbit osteoclasts (IC50, 37 nM) but 
did not affect bone mineralization or cellular alkaline phosphatase activity 
in MC3T3-E1 cells. Parathyroid hormone -induced bone resorption was 
inhibited in a dose -dependent manner in thyroparathyroidectomized rats 
gavaged with a single dose of OST-4077 (ED50, 69 mg/kg) . When given 
orally twice daily for 4 wk to 3 -mo-old ovariectomized (OVX) rats, 
OST-4 077 dose-dependently prevented bone loss, as monitored by bone 
densitometry, ash content, and urinary excretion of deoxypyridinoline . No 
change in serum osteocalcin in the OVX rats by OST-4077 suggested that 
bone formation might not be affected by the agent. In summary, OST-4077 
selectively inhibited bone resorbing activities of osteoclasts and 
prevented bone loss induced by estrogen deficiency but did not affect bone 
formation. OST-4077, an orally active selective human cathepsin K 
inhibitor, may have the therapeutic potential for the treatment of 
diseases characterized by excessive bone loss including osteoporosis. 
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AB The present invention provides l-phenylpiperidin-3-ones (shown as I; 

variables defined below; e.g. II) and pharmaceutically acceptable salts 
thereof, having cysteine protease inhibitory activity, pharmaceutical 
compns. containing the same as an active ingredient, and processes for the 
preparation thereof. For I: Rl is Cl-6 alkyl (un) substituted with Ph, Cl-6 
alkoxy, or benzyloxy; C2-6 alkenyl (un) substituted with phenyl; C3-6 
cycloalkyl; Cl-5 alkoxy; Ph substituted with halogen, Ph, 
trif luoromethoxy, oxopyrrolidyl , mono- or di- Cl-4 alkylamino or 
R4-C1-4 -alkoxy (R4 is morpholine, pyrrolidine or piperidine) ; furanyl 
(un) substituted with >1 functional groups Cl-6 alkyl, halogen, and 
oxopyrrolidyl; benzofuranyl (un) substituted with Cl-6 alkyl or R4-C1-4 
alkoxy; thiophenyl substituted with Cl-6 alkyl or halogen; Cl-6 
alkylisoxazolyl ; pyridyl (un) substituted with halogen; morpholinyl; 
benzothiophenyl ; quinolinyl; pyrazinyl; benzyloxy; oxopyranyl ; Cl-6 
alkyl-7H-imidazo [2 , 1-b] oxazolyl ; Cl-6 alkylchromon-2 -yl ; or 
(N-tert-butoxycarbonyl)piperidinyl . R2 and R3 are H; hydroxy; nitro; 
halogen; cyano; Cl-6 alkyl (un) substituted with ^1 halogen atoms; 
Cl-5 alkoxy; Cl-5 alkylthio; f uryl ; 1H- tetrazol-5-yl ; oxazolyl; -C(0)R4; 



-S(0)nR6, -NR7R8 (R5 is H; hydroxy; Cl-6 alkyl ; Cl-5 alkoxy; mono- or di- 
CI -6 alkylamino; or C3-6 cycloalkylamino; R6 is Cl-6 alkyl; Ph 
(un) substituted with Cl-4 alkoxy; benzyl (un) substituted with Cl-4 alkoxy; 
R7 and R8 are H; Cl-6 alkylcarbonyl (un) substituted with halogen, Cl-4 
alkoxy, or phenyl; C2-6 alkenylcarbonyl ; Cl-4 alkoxycarbonyl ; C3-6 
cycloalkylcarbonyl ; benzoyl (un) substituted with £1 halogen atoms; 
mono- or di- Cl-4 a lkyl carbamoyl ; or Cl-4 alkylsulf onyl , or bonded each 
ether to form a morpholine, azetidin-2 -one, 3 , 3-dimethylazetidin-2-one, 
pyrrolidin-2-one, pyrrole, 2, 5-dihydropyrrole, piperidin-2 -one , 
oxazolidin-2-one, imidazolidin-2 -one , imidazolidin-2 , 5-dione, tetrazole, 
1, 1-dioxoisothiazolidine, or Cl-6 alkylaziridin-2-one ring; and n = 0-2). 
Methods of preparation are claimed and .apprx.190 example prepns. are included 
For example, II was prepared in 4 steps starting with amide formation from 
tert-Bu 4-amino-3-hydroxypiperidine-l-carboxylate and 1- [N- [ (benzofuran-2 - 
yl) carbonyl] amino] cyclohexanecarboxylic acid to give 4-[N-[[l-[N- 
[ (benzofuran- 2 -yl) carbonyl] amino] cyclohexyl] carbonyl] amino] -1- (tert- 
butoxycarbonyl ) -3 -piperidinol followed by N-deprotection to give 
4- [N- [ [1- [N- [ (benzofuran-2 -yl) carbonyl] amino] cyclohexyl] carbonyl] amino] -3- 
piperidinol hydrochloride, followed by N-arylation with 2-f luorophenyl Me 
sulfone in the presence of K2C03 to give 4 - [N- [ [1- [N- [ (benzofuran-2 - 
yl) carbonyl] amino] cyclohexyl] carbonyl] amino] -1- (2- 

methylsulfonylphenyl)piperidin-3-ol, followed by oxidation by pyridine-S03 
complex to give II. In some other N-arylations , in addition to -the presence 
of a base, a Pd complex was used as catalyst. IC50 values for inhibition 
of cathepsin K activity and selectivity for cathepsin K vs. other 
cathepsins (C, G, H, L, S) are tabulated for many examples of I; e.g. 8.17 
nM for II for cathepsin K (382, >240, >240, 138, and 133 nM, resp., for 
others) . The bioavailabilities of I by oral administrations, which were 
calculated after i.v. administrations of 10 mg/kg of rat, were .apprx. 30-90 %. 
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